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Influence of thyroid hormone on nicotinamide metabolism in the rat 
The thyroid hormone is known to influence many  metabolic processes in the body. From the 
recent work of LARDY and co-workers1, s and of HOCH AND LIPMANN s on the effect of thyroxine 
on oxidative phosphorylation, it can be inferred t ha t  synthetic processes tha t  are endergonic 
and so in general dependent on high energy phosphate for their completion will be inhibited in 
the thyrotoxic state. But  experimental  evidence obtained in a number  of cases of anabolic pro- 
cesses such as synthesis of fa t ty  acid t, cholesterol 5, liver protein s and coenzyme A 7 is not  in con- 
formity with this concept. In fact this confusing state of knowledge is well brought  out  when 
the effect of the thyroid hormone on methylat ion reactions is studied. Thus  ASTRUP AND STEEWS- 
HOLT s observe tha t  the thyroid gland has no role in the methylat ion of glycocyamin, whereas 
CALVO et a13 working on the methylat ion of nicotinic acid conclude tha t  the thyroid hormone 
st imulates t ransmethylat ion.  In the light of the demonstrated uncoupling of phosphorylation 
from respiration in thyrotoxicosis 1-3 and of the recent observation tha t  high energy phosphate 
is essential for methylat ion of nicotinamide 1°, the metabolic changes undergone by nicotinamide 
under  conditions of thyroid imbalance were studied and the results are reported here. 

Twelve albino rats  weighing i25- i3o  g were divided into three groups of four each. The 
first group served as control, the second was rendered hypothyroid by giving methylthiouracil  
with the stock diet and the third group was given desiccated thyroid along with the stock diet 
to render it hyperthyroid. Five to seven weeks were required for the rats to reach the hyperthyroid 
and hypothyroid states. The rats  were then given each a dose of 2. 5 mg of nicotinamide intra- 
peritoneally, transferred to individual metabolism cages and urine was collected for the following 
48 hours in 3 ml of acetic acid under toluene. The tert iary derivatives of nicotinic acid in the urine 
samples were determined microbiologicaUy using L a c t o b a c i l l u s  a r a b i n o s u s  i 7 -  5 as the assay 
organism u and N'-methylnicotinamide was estimated by the fluorimetric method of CARPENTER 
AND KODICEK TM. 

In Table I are presented the results showing the excretion of N'-methylnicotinamide under 
normal, hypo- and hyperthyroidal  conditions, expressed as per cent total nicotinic acid derivatives 
excreted. 

TABLE I 

EXCRETION OF Nt-METHYLNICOTINAMIDE (NMN) BY CONTROL, HYPO- AND HYPERTHYROIDAL RATS 

NMD excreted as p~, cent total Pn" 
Expcl, im~ttal Condition nicotinic acid deriv~ives* excr~e~d devation /ror~ 

o/ r~s 
Range Mean no~wJ 

Normal 47-60 54.0 - -  
Hypothyroidal  71--85 78.0 -{- 46.0 
Hyperthyroidal 28-5o 39.0 - -27 .0  

* Total nicotinic acid derivatives are made up of the tertiary derivatives of nicotinic acid 
assayed by L. arabinosus and NMN estimated by the fluorimetric method. 

The decreased excretion of N'-methylnicotinamide by the hyperthyroid rat could be due to 
more than one reason. Thus it has been pointed out earlier TM that adenosine triphosphate (ATP) 
is essential for the overall process of transmethylation as an activating agent of methionine, 
the methyl group donor. If it is accepted that the mechanism of action of the thyroid hormone 
is the uncoupling of phosphorylation from respiration l-s, it should follow as a corollary that 
the  generation of high energy phosphate  (ATP) i n  v i v o  and therefore ATP-dependent  metabolic 
reactions would be impaired in the thyrotoxic state of the animal;  in this way the formation of 
N'-methylnicot inamide could be expected to be decreased in the hyperthyroid condition. I t  is 
interesting in this connection tha t  another high energy phosphate-dependent  reaction, namely 
the conjugation of benzoic acid with glucuronic acid, has been found to be decreased in hyper- 
thyroid rats TM. 

The second circumstance which might  be responsible for the lowered excretion of N'-methyl-  
nicotinamide by hyperthyroid rats  is an inducement  of vi tamin BI: deficiency in the hyperthyroid 
state. Vitamin Bxs is known to be capable of relieving thyrotoxic symptoms  14 a n d  thyroxine 
in the form of iodocasein has been used for producing vi tamin B1s deficiency in experimental  
animals Is ; it is, however, possible tha t  the result of such an administrat ion of the thyroid hormone 
may  be more drastic than  the supervention of a simple deficiency of vi tamin BI:. Further,  it has 
been demonstra ted tha t  v i tamin BI~ may  be involved in many  reactions featuring the "single 
carbon uni t"  including methylat ion processes 16. Thus  the decreased excretion of N'-methyl-  
nicotinamide by hyperthyroid rats may  also he a reflection of vi tamin BI:  deficiency sett ing in 
during the hyper thyroid state. 
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The  increase in the  excret ion of N ' - m e t h y l n i c o t i n a m i d e  by me thy l th iourac i l - t r ea t ed  rats ,  which  is 
even more  p ronounced  t h a n  the  decrease observed in t he  case of t he  hype r thy ro id  animals ,  is, 
therefore,  to be expected  since it  represents  an  effect opposi te  to t h a t  p roduced  in hype r thy ro id i sm.  
However ,  on the  basis  of the  incomple te  p resen t  day  knowledge of the  m e c h a n i s m  of act ion of 
the  thyro id  h o r m o n e  in t he  no rma l  l iving sys t em,  no precise exp lana t ion  of this  p ronounced  
e n h a n c e m e n t  of m e t h y l a t i o n  in h y p o t h y r o i d i s m  can  be given.  I t  may ,  however,  be men t ioned  t h a t  
a s imilar  influence of thyro id  imba lance  on the  ace ty la t ion  of su lphan i l amide  has  been observed 
by  FRAENKEL-CONRAT AND GREENBERG 17 and  on t he  syn thes i s  of acetylcholine by  GUZMAN TM. 

T h e  decreased m e t h y l a t i o n  of n ico t inamide  in hype r thy ro id i sm,  observed in the  p resen t  
s t udy ,  does not,  therefore,  f avour  the  pos tu la t e  of CALVe et al. 10 t h a t  t h e  thyroid  ho rmone  s t imu-  
lates t r a n s m e t h y l a t i o n .  
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Occurrence of free nucleotides in Penicillium chrysogenum 

In  the  course  of s tudies  on the  me tabo l i sm of Penicillium chrysogenum it  was t h o u g h t  of some  
i m p o r t a n c e  to inves t iga te  the  n a t u r e  of the  nucleot ides  occurr ing in the  myce l i um of this  organism.  
Only  a d e n o s i n e - 5 ' - m o n o p h o s p h a t e  and  adenos ine -5 ' - t r iphospha te  have  h i the r to  been identified 
in P. chrysogenum 1. 

The  m y c e t i u m  used in th is  s t u d y  (strain Wis  49-133 ) was  grown in a s t i r red f e rmen te r  in 
the  syn the t i c  m e d i u m  of JARVlS AI~D JOHNSON ~, con ta in ing  22.5 g lactose, 7.5 g glucose, 3 g 
a m m o n i u m  ace ta te  and  5 g a m m o n i u m  lactate ,  per  liter. The  myce l i um was removed  from the  
f e rmen ta t i on  af ter  5o hours  when  t he  reduc ing  suga r  con t en t  was  app rox ima te ly  o.5 %, filtered 
by  suct ion,  washed  wi th  wate r  and  kep t  a t  - - 2 0  ° C. The  nucleot ides  were ex t rac ted  wi th  5 0 %  
e thano l  and  prec ip i ta ted  wi th  mercur ic  acetate ,  as descr ibed by  CAPUTTO, LELOIa, CARDINI AND 
PALADINI a. The  s u p e r n a t a n t  ob ta ined  af ter  decompos i t ion  of the  m e r c u r y  salts, wi th  h3~drogen 
su lphide  was  f rac t iona ted  by  c h r o m a t o g r a p h y  on Dowex-I  fo rmate  wi th  the  formic acid s y s t e m  
Of HURLBERT, SCHMITZ, BRUMM AND POTTER 4. E leven  peaks  were de tec ted  by  measu r ing  the  
optical  dens i ty  of the  f ract ions  a t  26o rap. The  fract ions compr i s ing  each peak  were pooled and  
lyophilized, e i ther  direct ly or  af ter  adsorp t ion  and  elut ion on charcoal  s, and  t hen  fur ther  fractio- 
ha t ed  by  large-scale paper  c h r o m a t o g r a p h y  on W h a t m a n  No. I or 3 MM us ing  e t h a n o l - a m m o n i u m  
ace ta te  (pH 3.8) as so lven t  6. Each  u l t rav io le t -absorb ing  band  was cu t  out,  washed  wi th  ethanol ,  
and  then  e luted wi th  water  a t  5 ° C. The  solut ions  t hus  ob ta ined  were used to ident i fy  the  com- 
pounds  on the  basis  of the  following cri teria:  (a) t ype  of U.V. spec t rum in acid, alkaline and  
neu t ra l  solut ion,  (b) mobi l i ty  on paper  wi th  four different  so lvents  in parallel  wi th  corresponding 
au then t i c  nucleot ides ,  (c) type  of U.V. spec t rum and  mobi l i ty  on paper  (using two different  
solvents)  of the  base  ob ta ined  af ter  hydro lys i s  wi th  perchloric acid, (d) rat io  of base to organic 
p h o s p h a t e  to r ibose (for m o s t  of the  purine-nucleot ides) ,  (e) hydro lys i s  wi th  5 ' -nucleot idase  from 
bull semina l  p l a s m a  (for monophospha t e s )  7, (f) t ype  of suga r  released on mi ld  acid hydrolys is  


